Abstract: Four new cyathane-type diterpenoids, nigernins C-F (1-4), together with four known compounds, were isolated from the fruiting bodies of the basidiomycete Phellodon niger. The structures of these new compounds were established on the basis of spectroscopic analysis, including 1D and 2D NMR experiments. In addition, nigernin F (4) with an unusual 3,4-seco cyathane diterpenoid skeleton was found to occur in nature for the first time. It was suggested to be as an oxidation product of C-3-C-4 bond cleavage of nigernin E (3).
Introduction
Phellodon niger is an edible fungus belonging to the family Hydnaceae. 1 In our continuing search for novel and secondary metabolites from higher fungi of Yunnan province in China, we have previously isolated two new cyathane diterpenoids, nigernins A and B from this fungus. 2 Further research for the cyathane-type diterpenoids in the fruiting bodies of P. niger led to the isolation of four new cyathanes, nigernins C-F (1-4), along with four known compounds, sarcodonin δ, 3 1,2-diacetoxy-3-(4′-hydroxyphenyl)-4,7,8-trihydroxy-dibenzofuran (Bl-V), 4 grifolic acid 5 and uridine. 6 Herein, we report the isolation and structure elucidation of the new compounds.
Results and Discussion
Compound 1 was isolated as white amorphous powder. The molecular formula was established to be C 30 2 revealed the presence of the characteristic signals of a cyathane-type diterpenoid. The absence of a methylene resonance at δ C 43.4 in the 13 C NMR spectrum of nigernin A, and the appearance of the signals at δ C 77.8 and δ H 5.02 (d, J = 7.1 Hz) in the NMR spectra of 1, suggested the existence of an oxygenated methine attributable to C-14 in 1. This was supported by the coupling constant (J = 7.1 Hz) of H-13 at δ H 7.22, and the HMBC correlations from H-14 to C-5, C-12 and C-13, and from H-16 to C-14 (Figure *To whom correspondence should be addressed. E-mail: jkliu@mail.kib.ac.cn 1). In addition, the HMBC correlation from H-14 to C-9′ suggested that the p-methoxycinnamoyloxyl ester unit was linked to C-14. The ROESY correlations between H-5 and H-17, H-17 and H-8, H-16 and H-8, H-16 and H-14 were observed in 1. It indicated H-14 to be α-oriented (Figure 2 ).
Thus, the structure of 1 was elucidated as 14β-(pmethoxycinnamoyloxyl)-cyatha-3,12-diene-15-oic acid, and named as nigernin C. (Table 1) were very similar to those of 1, suggesting that 2 was also a cyathane diterpenoid. The key difference was the double bond in p-methoxycinnamoyloxyl unit of 1 replaced by two methylenes in 2. This was confirmed by the HMBC spectrum, which showed correlations of H-7′ with C-1′, C-2′, C-6′, C-8′ and C-9′, and of H-8′ with C-1′, C-7′ and C-9′. In addition, correlation from δ H 4.86 (1H, d, J = 7.2 Hz, H-14) to δ C 172.3 (s, C-9′) was also observed in the HMBC spectra, indicating that the 3-(4-methoxyphenyl)propanoyloxyl ester unit was also linked to C-14 of the cyathane skeleton. The stereochemistry of 2 was in accordance with 1 by the analysis of the ROESY spectrum. Consequently, the structure of 2 was determined as 14β-(3-(4-methoxyphenyl)propanoyloxyl)-cyatha-3,12-diene-15-oic acid, and named as nigernin D.
Compound 3 was isolated as white amorphous powder. Its molecular formula was determined to be C 28 C NMR data of 4 (Table 1) with those of 3 indicated that their structures were similar. The main differences between these two compounds were the appearance of two keto carbonyl signals at δ C 215.0 (s, C-3) and 215.5 (s, C-4) in 4 and the absence of two olefinic quaternary carbons [δ C 140.4 (s, C-3) and 138.1(s, C-4)] in 3. In addition, the EIMS of 4 with molecular ion peak [M] + at m/z 484 suggested more 32 mass units than that of 3. On the basis of above evidence and the literature, 7 compound 4 should be a 3,4-seco cyathane diterpenoid due to an oxidation cleavage of C-3-C-4 double bond of 3. This was also confirmed by HMBC correlations (Figure 1 ) from H-2, H-18, H-19 and H-20 to C-3, and from H-5 and H-17 to C-4. The ROESY (Figure 2) correlations between H-5 and H-17 of 4 indicated that the methyl at C-9 is . Therefore, the structure of 4 was determined to be 3,4-seco nigernin E, and named as nigernin F. To the best of our knowledge, this is the first report of the 3,4-seco cyathane skeleton from nature.
Experimental Section
General Experimental Procedures. Optical rotations were measured with a Horiba SEPA-300 polarimeter. UV spectra were recorded on a Shimadzu UV-2401PC spectrophotometer. IR spectra were obtained on a Bruker Tensor 27 spectrometer with KBr pellets. NMR spectra were recorded on a Bruker AV-400 or a DRX-500 spectrometer with TMS as an internal standard. EIMS and HREIMS were recorded on a VG Autospec-3000 mass spectrometer. Silica gel (200-300 mesh, Qingdao Marine Chemical Inc., China) and Sephadex LH-20 (Amersham Biosciences, Sweden) were used for column chromatography. HPLC was performed on an Agilent 1100 liquid chromatography system equipped with a Zorbax SB-C 18 column (9.4 mm × 150 mm). TLC was performed on silica gel plates (GF254, Qingdao Marine Chemical Inc., China). The Extraction and Isolation. The air-dried fruiting bodies (950 g) were extracted three times with CHCl 3 /MeOH (1:1, v/v) at room temperature. After removal of the solvent by evaporation, the residue (98.0 g) was subjected to silica gel column eluted with a petroleum ether-acetone gradient system (1:0-1:1, v/v) to give fractions A-I. Fraction E was subjected to Sephadex LH-20 using CHCl 3 -MeOH (1:1, v/v) to give 4 subfractions: E1-E4. Subfraction E3 was further purified by silica gel chromatography (CHCl 3 /MeOH, 50:1) and preparative HPLC (CH 3 CN/H 2 O, 65:35) to obtain 2 (9.6 mg) and 3 (18.3 mg). Compound 4 (13.2 mg) was purified from subfraction E2 by preparative HPLC (CH 3 CN/H 2 O, 40:60). Fraction F was passed through Sephadex LH-20 using CHCl 3 /MeOH (1:1, v/v) and repeated column chromatography over silica gel, and finally purified by preparative HPLC using a mobile phase of CH 3 CN/H 2 O (75:25 and 65:35) to afford 1 (16.2 mg) and grifolic acid (12.3 mg), respectively. Sarcodonin δ (17.0 mg) was purified from fraction G by repeated silica gel column chromatography. Fraction H was subjected to silica gel, Sephadex LH-20, and preparative HPLC to give 1,2-diacetoxy-3-(4′-hydroxyphenyl)-4,7,8-trihydroxy-dibenzofuran (5.4 mg). Fraction I was separated over silica gel eluted with CHCl 3 /MeOH (10:1), and then further purified by preparative HPLC to af- Cytotoxicity Assay. The cytotoxicity assay against C8166 cells (CC 50 ) was assessed using the MTT method and anti-HIV-1 activity was evaluated by the inhibition assay for the cytopathic effects of HIV-1 (EC 50 ).
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